Phytochemical investigation of the leaves of Pometia pinnata resulted in the isolation of a new triterpenoid saponin (1), together with a known compound, kaemferol 3-O-α-L-rhamnopyranoside (2). The structure of 1 was established as 3-O-[α-L-arabinofuranosyl-(1→4)-α-L-rhamnopyranosyl-(1→2)-α-Larabinopyranosyl]-hederagenin. The structure elucidation of the isolated compounds was based primarily on 1D-and 2D-NMR techniques, including 1 H and 13 C NMR spectra, DEPT, and by 2D COSY, HMQC, HMBC and TOCSY experiments.
The interesting metabolites from various species of the family Sapindaceae [1] [2] [3] [4] attracted our attention to investigate Pometia pinnata. Sapindaceae species are known in many parts of the world for their traditional medicinal uses as diuretics, stimulants, expectorants, natural selective vermifuges, and against stomach ache and dermatitis [4] [5] [6] [7] . Some species, such as Paullina cupania, are well known for their stimulant properties [8, 9] . Cupania vernalis has antifungal activity, and Dodonaea viscosa hypoglycemic activity. Leaves and young stems of Allophyllus edulis are used as a refresher, digestive, and, to a lesser extent, in the treatment of hepatitis [10] .
The genus Pometia consists of 10 species distributed from Malaysia to India [11] . Two have been studied previously, P. pinnata [12] and P. eximia [13] . P. pinnata Forst. & Forst is used medicinally in the South Pacific Kingdom of Tonga to treat mouth infections, abdominal ailments, unclosed fontanel, and obstetric and gynaecological complaints [14, 15] . Saponins from P. eximia, growing in Sri Lanka, showed a variety of molluscicidal, insecticidal, antifungal, larvicidal and antibacterial activities [11, 16, 17] . Previous phytochemical investigations led to the isolation of a new triterpenoid saponin from the stem bark of P. pinnata [18] . In this paper, we report the isolation from the leaves of P. pinnata and structure elucidation of a new triterpenoid saponin, 3-O-[α-L-arabinofuranosyl-(1→4)-α-L-rhamnopyranosyl-(1→2)-α-L-arabinopyranosyl]-hederagenin (1), and a known flavone glycoside, kaemferol 3-O-α-L-rhamnopyranoside (2) [19] .
The methanolic extract of P. pinnata was subjected to silica gel column chromatography (CC) followed by Sephadex LH-20 and then RP-18 CC to afford a new saponin 1. Its UV spectrum in methanol displayed only an end absorption at 203.4 nm, showing the absence of conjugation. The IR spectrum of compound 1 revealed an absorption band at 1697 cm -1 (carbonyl group), and broad bands at 3443 (OH) and 1039 (suggestive of a glycosidic compound). Compound 1 showed an [M-H]ion peak at m/z 881.4880 in its negative HR-FAB mass spectrum, consistent with the molecular formula of C 46 H 73 O 16 , indicating the presence of 10 double bond equivalents in the molecule. The negative ion FAB mass spectrum of compound 1 exhibited the deprotonated molecular ion peak at m/z 881[M-H] -. The fragment ion at m/z 749 [M-132-H]was consistent with the loss of a terminal pentose from the molecular ion. The fragment ion at m/z 603 [M-132-146]was attributed to the loss of a pentose-deoxyhexose disaccharide unit from the molecular ion. The [M-H-132-146-132]ion corresponded with the loss of a trisaccharide (pentose-deoxyhexose-pentose) unit from the molecular ion, respectively; this sequence indicated a terminal arabinofuranose moiety linked to a middle rhamnose linked to an inner arabinose, which, in turn, is attached to C-3 of hederagenin. This fragmentation showed that all the sugars of 1 are linked to each other by interglycosidic linkages, as also determined by the 13 C NMR data. The fragment ion at m/z 603 also indicated that a pentose moiety was directly attached to the aglycone. The 1 H NMR spectrum (600.23, CD 3 OD) of the intact saponin 1 showed the existence of six tertiary methyl groups for H 3 16.39, 26.46, 33.57 and 24.00 in the hetero COSY spectrum [20] . The attachment of the trisaccharide moiety shifted the carbinylic proton resonance of H-3 to δ 3.60. Three anomeric proton signals were also observed at δ 4.58 (s), 5.01 (s) and 5.09 (s) supporting the α-configuration of L-arabinose, L-rhamnose and L-arabinofuranose. These assignments were confirmed by the 13 C NMR data of the sugar moieties. In the 1 H-13 C COSY spectra, these signals were correlated with peaks at δ 104.86, 102.48 and 110.54, respectively. It should be noted that one arabinose moiety was present as arabinofuranose [21] . The 1 H NMR spectrum also showed the presence of an olefinic proton resonance as a distorted triplet at δ 5.23, characteristic of the ∆ 12 -H in pentacylic triterpenes. A heteroCOSY experiment also revealed interaction between this vinylic proton at δ 5.23 and C-12 at δ 123.55. The 1 H NMR assignments were confirmed with the help of 2D-J-resolved, COSY-45 o long range COSY, and TOCSY experiments.
The 13 C NMR spectrum was assigned on the basis of Broad Band, DEPT, HMQC, and HMBC experiments. Anomeric carbon resonances at δ 110.54, 104.86 and 102.48 ppm suggested the presence of three monosaccharide moieties. The 13 C NMR spectrum of 1 showed the presence of 46 carbon atoms. Sixteen carbon signals seen for the sugar moieties confirmed the presence of three monosaccharides, two pentose and one hexose units. The remaining 30 carbons signals were due to the triterpenoid aglycone. The broad band 13 C NMR spectrum of 1 in conjunction with analysis of the DEPT spectrum showed the presence of seven methyl, thirteen methylene, eighteen methine and eight quaternary carbon atoms, in agreement with structure 1. The 13 C NMR spectral assignment was made on the basis of heteroCOSY experiments and by comparison with similar reported compounds [22] . However, C-3 of the aglycone resonated at δ 82.10, thus showing + 8.80 ppm deshielding compared with hederagenin [23] . This indicated that the sugar moieties are attached at this carbon. The upfield shifts of the C-2 signal by 1.49 ppm also confirmed the above proposed site of glycosidation. The olefinic resonances at δ 145.39 and 123.55 corresponding to quaternary and methine behavior, revealed the presence of unsaturation at C-12 in an oleanan skeleton. The 1 H and 13 C NMR chemical shifts were compared with the literature reports for triterpenoid sapogenins / saponins [22] , which further confirmed the identity of the aglycone as hederagenin.
Acid hydrolysis of compound 1 afforded hederagenin (1a), identified by comparison with reported spectral and physical data [24, 25] , along with L-arabinose and L-rhamnose, identified by comparison with authentic samples by PC and silica gel TLC. The 13 C NMR spectral data revealed the α-L-pyranosyl and α-L furanosyl configuration for arabinose, and α-L-pyranosyl configuration for rhamnose [26] . The absolute configuration of the sugars was determined by subjecting them to GC as thiazolidine derivatives (see Experimental).
The points of attachment of sugars were determined through 13 C chemical shifts in which the upfield shift of the β carbon and the down field shift of the α carbon were characteristic for the establishment of interglycosidic linkages [27] . Comparison of the 13 C NMR spectrum of compound 1 showed that the C-3 signals of arabinose appeared up field, and the C-2 signals down field, which allowed us to place a (1→2) linkage between arabinose and rhamnose [28] . The down field 13 C chemical shift of C-4 of rhamnose at δ 83.14, and the small up field shift of C-3 and C-5 at δ 72.11 and 69.34 showed that rhamnose is substituted [29] and showed a (1→4) linkage between arabinofuranose and rhamnose. The chemical shifts of arabinofuranose almost correspond to those of methyl arabinofuranose [26, 30] , indicating that it was a terminal sugar.
The structure of 1 was further authenticated by 2D 1 H-1 H COSY-45 o [20] . The double bond at C-12 was confirmed by showing the connectivity of H-11 (δ 1.90) to vinylic H-12 (δ 5.23). The possibility of a (1→2) linkage between rhamnose and arabinose was finally confirmed by COSY 45 o , which showed interaction between anomeric H-1‫׳‬ (δ 4.58) and the vicinal methine H-2‫׳‬ (δ 3.70). The possibility of a (1→4) linkage between rhamnose and arabinose was eliminated, because, in the HMQC spectrum, the methine proton at δ 4.15 was coupled with the carbon at δ 69.70. It is reported that when C-4 of rhamnose is substituted, the 13 C chemical shift was observed at about 80-84 ppm [31, 32] . Again the possibility of a (1→2) linkage between arabinofuranose and rhamnose was eliminated as the COSY-45 spectrum showed cross peaks between anomeric methine H-1" (δ 5.01) and H-2" (δ 3.90). The assignment for H-4" at δ 3.00 was confirmed by the strong cross peaks with H-3" (δ 3.70). This result also disclosed that C-4 of the rhamnose must be linked to C-1 of arabinofuranose. Similarly, H-6" (δ 1.23) showed COSY interaction with the signal at δ 3.94 (H-5") thus confirming their assignments. COSY interaction between H-1"' (δ 5.09) and H-2"' (δ 4.07) methines were also observed. Finally, H-4"' (δ 4.05) revealed cross peaks with the hydrogen-bearing methylene H-5"' (δ 3.30).
The TOCSY experiments [20] proved valuable in assigning protons of the three monosaccharide units in 1. The spectrum obtained with a mixing time of 60 msec closely resembled the COSY-45 o spectrum showing the direct connectivities, whereas with longer mixing intervals the magnetization was seen to spread to more distant protons [20, 33] . With a mixing time of 100 msec, H-1' (δ 4.58) showed cross peaks with H-2' (δ 3.70), H-3' (δ 3.35), H-4' (δ 4.15) and H-5' (δ 3.70). This result also confirmed that C-2' of arabinose was linked to C-1" of rhamnose. Similarly, H-1" (δ 5.01) showed cross peaks with H-2" (δ 3.90), H-3" (δ 3.70), H-4" (δ 3.00), H-5" (δ 3.94), and H-6" (δ 1.24). The above data confirmed that C-4 of rhamnose must be linked to C-1"' of the arabinofuranose. Other important cross peaks appeared between the protons at δ 5.09 (H-1"') and H-2"' (δ 4.07), H-3"' (δ 3.85), H-4"' (δ4.05) and H-5"' (δ3.30), which confirmed the assignments of carbons C-1"', C-2"', C-3"', C-4"' and C-5"'.
Experimental
General: Optical rotation was recorded on a JASCO P-2000 polarimeter using a 10 mm cell-tube. IR spectra were measured on a Bruker Vector 22 spectrophotometer and UV spectra were obtained on a Hitachi U-3200 spectrophotometer. Silica gel 70-230 mesh (E. Merck) was used for column chromatography. Flash chromatography was carried out using silica gel 230-400 mesh, and TLC on Merck silica gel plates using the indicated solvents B:A:W = 12:3:5 (n-butanol-AcOH-water) and compounds detected at 254 nm and by ceric sulfate reagent, followed by heating. El FAB and HREIMS were recorded on a JEOL JMS-HX-10 mass spectrometer. 1 H-and 13 C-NMR spectra were recorded on Bruker Avance 600 and Bruker Avance 400 NMR spectrometers equipped with 5 mm probes. Samples were dissolved in 0.5 mL of CD 3 OD and transferred into a 5 mm NMR tube. The 1 H and 13 C NMR spectra (at 600.23 and 100.61 MHz respectively) were measured at 300 K. Chemical shifts were in parts per million (δ), relative to tetramethylsilane as an internal standard, and scalar coupling were reported in Hertz (Hz), 
Extraction and isolation:
The air dried leaves of P. pinnata were ground to a powder and extracted 3 times with distilled methanol at room temperature. The extracts were evaporated on a rotary evaporator at 40 o C under reduced pressure to yield 410 g of crude extract. The resulting methanol extract (25 g) was subjected to Sephadex LH-20 CC using 100% methanol; the column was eluted slowly. The fractions showing the same TLC profiles were mixed and one of the fractions was subjected to RP-18 silica CC using CH 3 Acid hydrolysis: Compound 1 (10 mg) was refluxed with 10 mL HCl (20%) in aq. MeOH (5 mL) for 4 h at 100 o C. MeOH was evaporated under reduced pressure. The mixture was then diluted with water (5 mL) and extracted 3 times with EtOAc. EtOAc layer was concentrated and the aglycone, hederagenin (1a), [34] crystallized from MeOH.
Identification of the sugar moieties of compound 1:
The aqueous layer separated above was evaporated under reduced pressure with repeated addition of water to remove HCl. The residue was compared with standard sugars (arabinose, xylose, rhamnose, quinovose, fucose) on silica gel plates by using n-BuOH-i-PrOH-EtOAc-HOAc-H 2 O (7:12:20:7:6). The TLC was developed twice in the same direction. The spots were detected with aniline phthalate sugar reagent. The identity of the monosaccharides was further confirmed by comparison with standard sugars on paper chromatography (Whatman filter paper No.1) using n-BuOHpyridine-H 2 O (10:3:3) and a development time of 48 h. Spots were detected by spraying with freshly prepared aniline phthalate sugar reagent, followed by heating.
Synthesis of L-cystine methyl ester hydrochloride:
To a -10°C solution (3.6 M) of thionyl chloride (3.6 equiv) in methanol was added L-cystine (1 equiv). After being stirred for 24 h at room temperature, the reaction mixture was concentrated under reduced pressure. Subsequent treatment of the crude material with diethylether led to the precipitation of L-cystine methyl ester hydrochloride [35] .
Determination of absolute configuration of sugars:
The concentrated residue of the hydrolyzed sugar in pyridine (100 µL) and L-cystine methyl ester hydrochloride (0.06 mol/L) were mixed, and the solution warmed at 60°C for 1 h. Acetic anhydride (150 µL) was then added and the mixture maintained at 90°C for another 1 h. After evaporation of pyridine and acetic anhydride in vacuo, each residue was dissolved in acetone (350 µL) and the solution (1 µL) subjected to GC under the following conditions: capillary column, SBP 5 (15 m × 0.53 mm × 0.50 µm); column temperature 220°C; injection temperature 270°C; carrier gas N 2 . Peaks for peracetylated thiazolidine derivatives with retention times at 3.5 and 3.8 min were observed for the samples, which were identical to the derivatives of L-arabinose and L-rhamnose, respectively, prepared in the same manner [36] .
